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I. I N T A O D U C T I O N  

This study of heat-senritive radioisotopes f o r  temperature 
measurement is an extension of the RMS-3A Pdsioactive Ablation 
Sensor System whicn is based upon a radioactive source emitting 
gamma rays, a Geiger-Muller detector tube, and solid state 
electronic circuits forminp a system which converts the garrLxa 
ray field intensity into marerial thickness information con- 
tinuously as a function o f  time. The operational elements of 
<:?is system are illustrated in Fig. 1. The radioactive source 
is mace part of an activated p lug  inserted into the ablating 
n o s e  cone in the desired location. Gamma rays from the ur.i- 
formly linear radioactive soilrce pass through intervening 
material and trigger the deyector, which supplies pulses to 
t;-.s electronic "black box", which converts these pulses to a 
DC ouzput proportional to t.?e strength of the source remair,:nO -z 

ix the nose cone, and thus Tiroportional to nose cone thickr.sss. 
Grounc recording stations using standard telemetry equipmer,-c 
coilecr this info-mation fo? analysis (Fig. 2 ) .  A gamma ray 
radioactive source must be csed Secause alpha and bet2 parti- 
cles cannot penetrate the s:ructural material existing between 
xhe detector and the radioactive plug. 

. .  
9 

tiefore launch, the racloactive source is at full strength 
( 6  to 30 millicuries depenc2nt G?on source isotope), which 
resulrs in a full scale outiut of five volts DC from the 
sensing system. During re-zntry, the nose cone ablation mate- 
rial and the radioactive mzcerial of the activated plug are 
eroded. This reduces the r3dioactive source which the aetec- 
tor "sees" and in turn redi.zes the DC output of the systern. 
Thus, the DC output is a di?ect measure of the thickness of 
the nose cone at the pzrticdlar location of the activated 
p l u g .  The thickness remai?.lng Is recorded as a function of 
time from which absolute ablation amount and rate daya are 
obtained from calibration cLrves. 

Essentially the same systern can be employed to sense a 
temperature front rather then an ablation front by using a 
linear radioactive source wkich decomposes at a given tempera- 
Ture below the surface ins:c?ad of the high temperature 

1 
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i I encour-.xdred at the ablatior. .;urface. Previous researc;r, anc 
develo7ment work conducted < . ;  part of the R M S - l A ,  2A, and 3;. 

systems optimized the radiocctive source confizuraticn. The 

final Zorm consists of a 0.:625 inch 0.D. by 0.0312 inch 1.9. 
aiumina tube 1.5 inches lon;. The interior of the tube is 
filled with a small amount, 12.g. .  10 to 20 milligrams of an 
inert metal powder uniformly mixed in a carrier material. 
Tne ablation sensor system 1::ilizes a high temperature ( 4 C O O O F )  

carrier material which is noT decomposed until it is exposed 
to the zxternal ablating plcsma environment. The purpose cf 
this research program is to attempt to select experimentally 
a series of carrier materials which decompose at fixed 
tempericures in the range 3 1 0 ° F  

L. means of continuously trz?:<ing the propagation front of an 
isotheymal surface through ;he virgin nose cone material, 
Fig. 3. 

to 12OO0F, thus providing 
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11. SELECTION OF TEMPERATURE SENSITIVE C A R R I E R  MATERIALS 

I d e a l l y ,  a t e m p e r a t u r e - s e n s i t i v e  c a r r i e r  mater ia l ,  i s  i n  
t h e  s o l i d  s t a t e  u n t i l  i t s  t e m p e r a t u r e  i s  r a i sed  t o  a p a r t i c u l a r  

a n d  r e p e a t a b l e  v a l u e  a t  wh ich  it decomposes  i n t o  a g a s  wh ich  
e x h a u s t s  o u t  t h e  open  e n d  of t h e  a l u m i n a  t u b e .  A c t i v a t i o n  of 
o n e  or more e l e m e n t s  of t h e  c a r r i e r  mater ia l  i s  a most d e s i r a b l e  
c o n d i t i o n ,  h o w e v e r ,  a d i f f i c u l t  o n e  t o  a c h i e v e  b e c a u s e  of s i m u l -  
t a n e o u s  r e q u i r e m e n t s  of t h e r m a l  n e u t r o n  a c t i v a t i o n  c r o s s  s e c t i o n ,  

h a l f - l i f e ,  i s o t o p e  c o n c e n t r a t i o n ,  gamma r a y  e n e r g i e s ,  a n d  d e c a y  
modes.  A s e c o n d  a p p r o a c h  i s  t o  a d d  a small q u a n t i t y  of a p a r t i -  
c u l a r  s o u r c e  e l e m e n t  t o  a t m p e r a t u r e - s e n s i t i v e  Carr ie?  ma te r i a l  

w h i c h  c o n t r i b u t e s  n e g l i g i b l e  gamma r a y  r a d i a t i o n  r e l a t i v e  TO 

t h e  s o u r c e  e l e m e n t .  T h i s  p:.ocedure a l l o w s  s e p a r a t i o n  o f  t h e  

numerous s i m u l t a n e o u s  r e q u i r e m e n t s  i n t o  t w o  m a n a g e a b l e  a n c  
i n d e p e n d e n t  g r o u p s ,  i . e . ,  one g r o u p  c o n t a i n i n g  o p t i m i z e d  s o u r c e  

Slemerits: a n d  a s e c o n d  grou,) c o n t a i n i n g  o p t i m i z e d  c a r r i e r  
mater ia ls .  L i t e r a t u r e  s e a r c h  for s u i t a b l e  s o u r c e  e l e z z n t s  
a n d  ca rp ie r  compounds w a s  mde ,  t o g e t h e r  w i t n  a n  e x p e r i n e n t a l  
e v a l u a t i o n  o f  some 8 3  d i f f e i i e n t  c a r r i e r  ma te r i a l s .  

6 
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111. SCUT<CL' T;LE?/IL'Id'l'S 

S c u r c e  e l e m e n t  c a n d i d , .  :es ::,ust ?assess s e v e r a l  >:-ijrsiccl 
a n d  n u c l e a r  p r o p e r t i e s  t o  T'"rforr t h e  ciesi.red f u n c t i c n  s n t i s -  

factoriiy. F o r  example, t ! . - y  m L i s t  h a v e  a hiTl-1 i s o t o p e  con- 
c p n t r a t i o n  i n  t h e  n a t u r a l  : " a t e ,  a r e a s o n a b l e  thermal n e u t r G n  

a c t i v a t i o n  cross  s e c t i o n  S I . .  ha1 ? - l . i f e ,  a hi211 p e r c e z t a z e  05 
e n e r g e t i c  f:arnma rays, be  c ~ . - : i r l i c a l l y  stable a t  room t e m p e r a t u r e ,  
and o b t a i n a b l e  i n  unifori: ,  : i . n e l y  powdered form. T a b l e  I lists 
a c c e p t a b l e  r a n g e s  of v a l u e s  for t h e s e  p a r m e t e r s .  

-L.- - , i t :  s p e c i f i c  a c t i v i t y  $;f a n  c i e r , en t  p i a c e d  in a ni-iclezy 

p i l e  for a t i m e  ( t )  i s  give,.: by 

A - -  'fa (1 - e - 0 . 6 3 3 t  1 
s p  - A T1/2 

where 

I \  = A v o g a d r o ' s  n u r r t - r  ( 6 . 0 2  x 
f = Therma l  n e u t r o r :  f l u x  i n  n u n b e r  of n e u t r o n s  p e r  

s q u a r e  cx p e r  see 
t ff = Therma l  n e u t r o r ,  cross s e c t i o n  of e l e n e n t  in e::. 

A = Atomic w t .  o f  c2,er;lent i n  T r a m  

TI = Tine 
- = E a l f - l i f e  i n  scA e u n i t s  as t - 

0 . 6 9 3 ~  
?OF l i x i t e d  i r r a d i a t i o n  tir1:s: t < <  T112 a n d  e - r < 1  

A l [ 2  tnus t h i s  e x p o n e n t i a l  c a n  3 , ~  r e p l a c e d  by t h e  f i r s t  two Lerr:s 
of i t s  s e r i e s  e x p a n s i o n ,  i . t ' . ,  

0 . 6 9 3  
- A  

e -  - - z l -  0 . 6 9 3  
T1/2 T1/2 

"11 i n e  i n i t i a l  s t r e n g t h  of t h e  source when removed from t h e  r e c l c t o r  
i n  n i l i i c u r i e s  i s  R i v e n  by  

7 
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TAJ(LE 1 

PHYSICAL AND NUCLEAR PROPERTY LIMITS 
OF SOURCE ELEMENTS 

PROPERTY 

Thermal Neutron > ~ x ~ O - ~ ' ~ C T C I .  
Cross Section (Half-Life Less 

Than One Year) 
> 1 5 ~ 1 0 - * ~ c n ~  
(1 YearcHaif-Life 
< 3 years) 

( 3 Years <Half - Lif e 
< 5 Years) 

>3(Jx10-* 4 c : ~ 2  

Isotope >30% 
Concentration 

Half-Life >30 Days 
c 5 Years 

Chemical Form Pure Element 

Physical Form Fine Powder 
>350 Mesh 

Gamma Ray Approximately 
Exposure Rate Equal to Co 60 

Value of 12.8 
r/hr/mc @ 1 cm 

The cross section and half-life 
have an inverse relationship 
such that a limited irradiation 
time necessitates shifting the 
limiting cross section value 
with half-life. 

Highest possible concentration 
of the desired isotope is re- 
quired to minimize conflicting 
nuclear reactions and concen- 
tration of source elements 
relative to carrier materials. 

Lower limit determined Sy oper- 
ational requirements of user. 
Upper limit determined by acti- 
vation limitations, i.e., neutron 
flux, cross section, half-life, 
available reactor time, etc. 

See isotope concentraTion 
discussion. 

Uniform powder equal to or 
finer than common face powder. 

The energy of the gamma rays 
should be in the range 0.5 Mev to 
3 Mev to limit exposure rate 
changes due to attenLation depend- 
ance upon gamma ray energy. The 
disintegration energy and szheze 
of each isotope must be analyzed 
and appropriate calculations made 
to determine the exposure rate 
which is compared to The Co 60 
value to determine the source 
strength required to give  he 
equivalent exposure. 

8 



where  
WE = w t .  of e l e m e n t  p l a c e d  i n  t h e  reactor  i n  grams 

CI = c o n c e n t r a t i o n  of i s o t o p e  i n  e l e m e n t  u s e d .  

The e x p o s u r e  r a t e  for a p o i n t  s o u r c e  i s  g i v e n  by 

I, = 0.15~ n ~ ( 1 0 5  

where  

Iy = m r / h r  a t  1 meter D e r  m i l l i c u r i e  
n = g a m m a  q u a n t a  per d i s i n t e g r a t i o n  

C = e n e r g y  of gamma q u a n t a  i n  Mev 
p a  = e n e r g y  a b s o r p t i o n  c o e f f i c i e n t  for gamma r a y s  i n  

a i r  ( s w )  i n  cm-1. 
E q u a t i o n  a s s u m e s  t h a t  o n e  i o n  p a i r  i n  a i r  c a u s e s  a n  a v e r a g e  
e n e r g y  e x p e n d i t u r e  of 3 2 . 7  e l e c t r o n  v o l t s .  A t  a d i s t a n c e  o f  
1 meter i n  a i r ,  t h i s  e q u a t i o n  r e d u c e s  t o  t h e  a p p r o x i m a t e  form 

m r / h r / m c  a t  1 meter z 0 . 5  nE 

The i n t e g r a t e d  v a l u e  f o r  m u l t i p l e  g a m m a  r a y  d e c a y  schemes i s  
o b t a i n e d  by summing o v e r  t h e  v a r i o u s  gamma q u a n t a  e m i t t e d ,  

t h u s  

I f y  = (mr/hr/mc a t  1 meter) = 1 0 . 5  n . E .  1 1  i 
The s o u r c e  s t r e n g t h  of e a c h  p a r t i c u l a r  i s o t o p e  r e q u i r e d  t o  
p r o v i d e  e q u i v a l e n c e  t o  a s t a n d a r d  C o  6 0  s o u r c e  of 6 m c  i s  
g i v e n  by 

I ' y . ( C o  6 0 )  Ai = 6 I I y  ( i s o t o p e )  

I '  

9 



. 
IV. CARRIER MATERIALS 

The literature search for carrier materials was divided 
into two broad chemical classifications, plus three thermal 
property subclassifications, namely, inorganic, organic, and 
melting, sublimating, and decomposition temperature, respec- 
tively. 
physical and thermal properties which fell within the limits 
indicated in Table 11. 

Initial search involved selecting materials with 

Materials which satisfied the conditions of Table I1 
were subjected to laboratory tests in which a temperature 
gradient is made to propagate along the axis of a 1.0 inch 
O.D., 1.125 inch long cylinder of nose cone ablation material. 
The cylinder is thermally shielded along its outer wall and 
one end, and a flame or hot air applied to the exposed end, 
resulting in a temperature distribution which is axially 
symmetric and planar near the axis of the cylinder, i.e., 
within 0.250 radii of the axis. 
placed in an alumina cylinder 0.0625 inch O.D.xO.0325 inch 
I.D.xl.125 inch long along the axis of the test cylinder. 
Numerous chromel-alumel thermocouples are placed along the . 
length of the alumina rod, and at various radii, and longi- 
tudinal positions per Fig. 4. A block diagram of the complete 
instrumentation system is shown in Fig. 5, photographs in 
Fig. 6. Several temperature versus time calibration runs were 
conducted to establish the propagation of heat and the result- 
ing temperature distribution as a function of time. The 
results are summarized in Figs. 7,8, and 9 .  

The sample material is 

10 



TABLE I1 

CARRIER MATERIAL PROPERTY LIMITS 

I 

PROPERTY LIMITING VALUE OR DISCUSSION 
RANGE OF VALUES 

Melting Point 3OOOF to 1 2 O O O F  
and Boiling 
Point 

Sublimation 3OOOF to 120OOF 
Temperature 

Decomposition 3 O O O F  to 1 2 O O O F  
Temperature 

Chemical Form Fine Powder - >350 mesh 

Toxicity Less Toxic Than 
0.01 mg Hg per 
m3 

Materials were tested with 
various combinations of 
melting and boiling points 
inside and outside the 
limits. 

Literature Eenerally indi- 
cated sublimation temperatures 
under standard conditions. 
The sublimation rate as a 
function of pressure and over 
temperature were not given. 

Decomposition temperature was 
given at STP only. No in- 
formation concerning decom- 
position products or rate as 
a function of pressure or 
atmosphere composition was 
available. 

Materials were selected which 
were obtainable in powder form 
or could be ground into fine 
powder using a mortar and 
pestle. Hygroscopic materials 
were not used because water 
content increase causes the 
partially ground material to 
form a gummy mass. In addi- 
tion, variation in water 
content alters their thermal 
characteristics. 

Because of the necessity to 
vaporize and/or decompose 
the carrier material, their 
toxicity was limited to values 
approaching mercury compounds. 

Stability Non- Combust ible and Materials which ignited when 
Non-Explosive subjected to an open flame 

were rejected as weii d b  mite- 
rial which decomposed in an 
explosive manner. Burning of 
the decomposition products was 
considered a favorable conditio] 
if the combustion products re- 
mained in a gaseous state. 

11 
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V. TEST RESULTS 

Visual inspection of tf2n discoloration and char associated 
with the propagation of the high temperatures along, the lenEth 
of the test cylinder confirmed the thermocouple measurements, 
i.e., the isothermal surfaces at any given time after initial 
transients have died out are as depicted in Fig. 10. The 
shape and repeatability of the isothermal surfaces allowed the 
number of thermocouples necessary for a measurement to be 
reduced to five, namely, T/C no. 1-5 placed along the alumina 
tube 0.1, 0.2, 0.3, 0.4, and 0.5 inches below the exposed end. 
Tne experimental procedures consisted of successively recording 
the mv output of these five thermocouples as a function of time, 
from initial room temperature to maximum temperature to approxi- 
mately one-half maximum temperature following removal of the 
heat source. A plot of the "high water mark" of the temperature 
depth curve is correlated with the boundary of the test material 
contained in the alumina tube. A typical maximum temperature 
versus depth curve is 'shown in Fig. 11. 
f o r  each material tested arc contained in Table 111, and 
maximum temperature curves versus depth are shown in Figs. 12-21 
f o r  the ten materials that pave satisfactory performance. 
Results are summarized in Table IV. 

General data obtained 

The ten satisfactory materials were then mixed with fine 
powdered gold ( > 4 0 0  mesh) in concentrations of 10 per cent and 
20 per cent by volume and subjected to model heating tests used 
previously. In all cases the carrier material decomposed and 
exited from the tube leaving a crusty matrix of gold residue 
in the heated portion of the tube. Equivalent results were 
obtained using silver and cobalt powders. 

18 
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TABLE I11 

CARRIER MATERIAL TEST RESULTS 

Aluminum Filled This material has a heat 
Epocast 4 - D  distortion temperature of 

2 1 O O F .  However it did 
not deconlpose at a peak 
temperature of 6 8 0 O F .  
Alumina tube completely 
filled after test. 

Epocast 31A This material has a heat 
distortion temperature of 
375OF. However it did not 
decompose at a peak tem- 
perature of 700OF. Alumina 
tube completely filled after 
test. 

Ammonium Chloride Decomposition temperature 
listed as 6 3 5 O F .  The first 
run gave a recession depth 
of 0.235 inches at 5 3 8 O F ,  
the second a depth of 0 . 2 7 7  
inches at 5 6 3 O F .  On both 
runs, the recession portion 
of the tube was free of 
deposits, coke, etc. 

Ammonium 
Dichromate 

Explosive decomposition. 

Ammonium Molybdate Solid Decomposition products. 

Ammonium Acetate Absorbs moisture. 

Ammonium Absorbs moisture. 
Bifluoride 

Ammonium Citrate Inconsistent hole depth. 
Dibasic 

Ammonium Oxalate 

Ammonium Combustible decomposition. 
Persulfate 

Ammonium Phos- 
phate Dibasic material. 

Tube clogged with melted 

COMMENTS 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

21 
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TABLE I11 (CONTINUED) 

CARRIER MATERIAL 

Ammonium Tartrate 

Ammonium Iodide 

Ammonium Nitrate 

Ammonium Sulfate 

a 

Aluminum Sulfate 

Phosphorous 
Pentasulfide 

Phosphorous 
Pentachloride 

Phosphorous 
Pentoxide 

Potassium Acetate 

Potassium 
Biphthalate 

TEST RESULTS COMMENTS 

Tube free of decomposi- Suitable 
tion products. 

Decomposition temperature Suitable 
listed as 1025OF. The 
first run gave a recession 
depth of 0.265 inches at 
664OF,the second a depth 
of 0.150 inches at 673OF. 
In both runs the recession 
portion of the tube was 
free of deposits, coke, 
etc. 

Explosive decomposition Not Suitable 

The handbook decomposi- Suitable 
tion temperature is list- 
ed as 536OF. The first 
test gave a recession 
depth of 0.243 inches at 
53OoF, ?he second a 
depth of 0.230 at 535OF. 
In both runs the recession 
portion of the tube was 
free of deposits, etc. 

Solid decomposition prod- Not Suitable 
ucts. 

Large random variation in Not Suitable 
hole depth. 

Extremely hazardous - Not Tested 
inadequate safety equip- 
ment available. 

Absorbed moisture from Not Suitable 
air and formed a gummy 
mass which could not be 
forced into alumina tube. 

Absorbed moisture. Not Suitable 
.*.A- --.:A Tube clogged witn decom- NUL I > U L L & ~ Z  

Dosition products. 

2 2  



TABLE I11 (CONTINUED) 

TEST RESULTS CARRIER MATERIAL COMMENTS 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

No loss of material below 
1 2 0 0 o r .  

Potassium 
Meta-Bisulfite 

I Tube clogged with decom- 
position products. 

Pot as s ium 
Bitartrate 

Potassium Bromate Absorbed moisture. 

Pot ass ium 
Chlorate 

Tube clogged with 
decomposition products. 

Potassium 
Dichromate 

Tube clogged with decom- 
position products. 

Decomposition temperature 
listed as 599OF.  Suc- 
cessive tests to 1 0 0 0 ° F  
at a depth of 0.1 inch 
failed to decompose the 
material. 

Lead Carbonate 

Solid decomposition prod- 
ucts. 

Not Suitable 

Not Suitable 

Lead Chloride 

Decomposition temperature 
listed as 554OF. Decom- 
posed to hard porous coke. 

Lead Dioxide 

Decomposition temperature Not Suitable 
listed as 932OF.  Decom- 
posed to gas and solid 
lead. 

Lead Oxide 

Decomposition temperature Not Suitable 
listed as  662OF. Suc- 
cessive tests to 905OF 
at a depth of 0.1 inch 
failed to decompose 
material. 

Magnesium 
Carbonate 

Not Suitable 

Not Suitable 

Mercury Chloride 

Mercury Oxide 

Poisonous vapors. 

Poisonous vapors. 
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CARRIER MATERIAL 

Magnesium Acetate 

Potassium Iodate 

Potassium Nitrate 

Potassium Nitrite 

Potassium Oxalate 

Pot as s ium 
Perchlorate 

Pot ass ium 
Meta-periodate 

Potassium Pyro- 
sulfate 

Sodium Acetate 

e Sodium Bicarbonate 

Sodium Meta- 
bisulfite 

Sodium Citrate 

Sodium Nitrite 

Sodium Phosphate 

Sodium Pyrophos- 
phate 

Sodium Sulfate 

TAB LE I11 (CONTINUED) 

TEST RESULTS 

Decomposition temperature 
listed as 6 1 3 O F .  Material 
decomposes and forms mag- 
nesium oxide which clogged 
recession portion of 
alumina tube. 

Tube clogged with decom- 
position products. 

Decomposition temperature 
well below 3 O O O F  

Absorbs moisture. 

No l o s s  of material below 
1 2 0 O O F  

Tube free of decomposition 
products. 

Tube free of decomposition 
products. 

No loss of material below 
1200OF. 

Tube clogged with melted 
material. 

Tube clogged with decom- 
position products. 

Tube clogged with decom- 
position products. 

Tube cloEged with molten 
material. 

Tube clopged with melted 
material. 

Tube clogged with molten 
material. 

Tube clogged with aecom- 
position products. 

Absorbs moisture. 

COMMENTS 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Suitable 

Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

Not Suitable 

iu’oi S u i t a b l e  

Not Suitable 
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TABLE I11 ( C O N T I N U E D )  

C A R R I E R  MATERIAL TEST RESULTS 

Sodium S u l f i d e  Absorbs m o i s t u r e .  

Sodium B i s u l f i t e  No loss of  material  below 
1200OF.  

Sodium B i s u l f i t e  Tube f r e e  of decom- 
p o s i t i o n  p r o d u c t s .  

Sodium B o r a t e  Tube c logged  w i t h  decorn- 

Sodium Carbonate  N o  loss  of material  below 
1200OF.  

p o s i t i o n  p r o d u c t s .  

Sodium C h l o r a t e  D u p l i c a t i o n  of ammonium 
i o d i d e  decompos i t ion  
t e m p e r a t u r e .  

Sodium Perox ide  S t r o n g  o x i d i z e r  - u n a b l e  
t o  h a n d l e  s a f e l y .  

Sodium Dichromate Absorbs m o i s t u r e .  

Sodium Nitrate Combust ible .  

S u l p h u r a t e d  P o t a s h  Absorbs m o i s t u r e .  

S u l p h u r  Molten s u l p h u r  f i l l e d  
t u b e .  

An th raqu inone  Tube f r e e  of decomposi- 
t i o n  p r o d u c t s .  

COMMENTS 

Not S u i t a b l e  

Not S u i t a b l e  

S u i t a b l e  

Not S u i t a b l e  

Not S u i t a b l e  

S u i t a b l e  

Not S u i t a b l e  

Not S u i t a b l e  

Not S u i t a b l e  

N o t  S u i t a b l e  

Not S u i t a b l e  

S u i t a b l e  

A l l o y a n  Tube c logged  w i t h  decorn- Not S u i t a b l e  
p o s i t i o n  p r o d u c t s .  

A l l o x a n t i n  Large  random v a r i a t i o n  i n  Not S u i t a b l e  
h o l e  dep th .  

f icenapathene  Quinone Combust ible .  Not S u i t a b l e  

B e n z i l  Combust ible .  Not S u i t a b l e  

B e n z i l i c  Acid Decomposes below 3 O O O F  Not S u i t a b l e  

Genzoic  Acid No loss of  material below N o t  S u i t a b i e  
1 2 O O O F .  
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CARRIER MATERIAL 

Glycine 

L ( + I  Glutamic 
Acid 

Hexamethyllene 
Tetramine 

Starch 

Thionyl Chloride 

Urea 

TABLE I11 (CONTINUED) 

TEST RESULTS COMMENTS 

Tube clogged with decom- Not Suitable 
position products. 

Tube clogged with decom- Not Suitable 
position products. 

Duplicates anthraquinone. Suitable 

Tube clogged with decom- Not Suitable 
position products. 

Liquid. Not Suitable 

Absorbs moisture. Not Suitable 
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I TABLE IV. 

SUMMARY OF SUITABLE HEAT SENSITIVE CARRIER COMPOUNDS 

3 0 O O F  

Ammonium Tartrate 

Anthraquinone 
Hexamethylene 

Ammonium Chloride 
Ammonium Sulfate 

400 

500 

600 
Ammonium Iodide 
Sodium Chlorate 

700 

Potassium Meta-periodate 
8 0 0  

9 0 0  

Potassium Perchlorate 

1000 

1100 

1200 

Sodium Bisulfite 
1300 

-398 

- 417 
- 422 

- 505 
- 533 

- 656 
- 672 

- 768 

- 959 

- 128Q 
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VI. ANALYSIS AND SUMMARY 

The negative results obtained using metal powders dispersed 
in decomposable carriers reopened the search for alternate 
source material and methods. One obvious avenue was to look at 
the carrier materials themselves to determine whether or not 
constituent isotopes can be activated. A second approach was 
to search for a compound which can be activated and which de- 
composes at temperatures I 30OoF. A reasonable concentration 
(10 to 2 0  per cent by volume) of this compound would be held in 
place by the carrier rnaterial €or limited times (less than one 
minute) at temperatures 2 3OO0F., i.e., until the carrier material 
itself decomposes. 

Isotopes contained in the ten carrier materials are listed 
in Table V ,  with pertinent activation data. Three useful isotopes 
occur as natural constituents of these heat sensitive carrier 
materials, namely, Na23, K39, and K41. Fortunately, the gamma 
ray energies are high (1.5 to 2.7 Mev 1 and the half-life range 
is broad (12h to 1 . 3 ~ 1 0 ~ ~ ) .  Sodium is contained in sodium chlorate 
which decomposes at a temperature of 672OF, which unfortunately 
is near the middle of the temperature range of interest. 
Potassium is contained in potassium meta-periodate, which de- 
composes at 768OF. Both compounds would be suitable in the pure 
state as activated source materials or as additives to carrier 
materials which decompose at higher temperatures. Tests run 
using ammonium tartrate as the low temperature activated com- 
pound and ammonium perchlorate as the high temperature carrier 
material gave inconsistent results. That is, one run gave 
depth versus temperature points corresponding to pure potassium 
perchlorate, and two successive runs produced partially clogged 
tubes. 
diately after removal of the flame gave improved results and 
confirmation of an explanation of the inconsistent clogging of 
the tube. Tne lot; tmperature material is subjected to baking 
at temperatures above its decomposition temperature after re- 
moval of the ablative flame,.and the combined effect of high 

An additional run employing cooling of the model imme- 
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vapor press re and softened carrier material allows some of 
the combined material to flow into the open end of the tube. 
Rapid cooling of the tube minimizes this effect in laboratory 
studies. In operational u s e  this effect would not be 
significant because the isothermal surface is advancing into 
cooler material, and a l l  rnaterial behind the front would be 
subjected to higher temperatures due to the temperature 
gradient. Thus, a combination of 2 0  per cent or less by 
volume of a low decomposition temperature activated element 
or compound uniformly mixed with a higher decomposition 
temperature carrier material will act under dynamic tempera- 
ture front propagation conditions as if the carrier were a 
pure material. This considerably broadens the list of 
possible elements and compounds which can be considered 
for activation, e.g., bromine, iodine, and mercury. 

The performance of the carrier materials has been 
sufficiently satisfactory to establish this method firmly 
f o r  continuously followin? the dynamic motion of an iso- 
thermal temperature point along a given line. Impregnating 
the carrier material with a small quantity of radioactive 
material in order to measure the progress of the temperature- 
determined decomposition point along the given line has not 
been satisfactory. The critical problem is to obtain an 
element or compound which has the required radioactive and 
thermal properties as well as gaseous decomposition products. 
It appears that a solution to this problem is to add small 
amounts ( <  20 per cent by volume) of a low decomposition 
temperature ( <  3 O O O F )  conpound to a temperature sensitive 
carrier material. Additional inert experimentation would be 
required to select the optimum activated compounds and 
minimum concentrations followed by full scale dynamic tests 
using radioactive compounds io et*zluate fully the performance 
of the complete system. 
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